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Abstract
Ultra-endurance athletes try to extend their limits in performance. In ultra-endurance races, athletes face limits in nutrition 
regarding both energy intake and fluid metabolism. The purpose of this review is to focus on the decrease in body mass, 
aspects of energy and fluid balance, and exercise-associated hyponatremia in ultra-endurance performance. An ultra-
endurance performance lasting 24 hours or longer may lead to an energy deficit of approximately 7,000 kcal per day. This 
energy deficit may result in a decrease of body mass, including a decrease in both fat mass and skeletal muscle mass. The 
energy deficit cannot be completely compensated by increasing energy intake. Adequate fluid intake is required during an 
ultra-endurance performance to prevent dehydration. In case of fluid overload, both exercise-associated hyponatremia and 
swelling of limbs may occur. Limited fluid intake of approximately 300-400 ml per hour may prevent both exercise-associated 
hyponatremia and swelling of limbs. In summary, in ultra-endurance performances, an energy deficit seems to be unavoid-
able, and athletes are at risk to develop both exercise-associated hyponatremia and limb swelling in case of fluid overload.
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Ultra-endurance performances
An ultra-endurance performance is defined as an 
endurance performance lasting for six hours or more 
[1]. The most popular ultra-endurance disciplines 
are swimming, cycling, running and triathlon as the 
combination of these three disciplines. Table 1 sum-
marizes well-known ultra-endurance races. When 
ultra-endurance athletes compete for hours, days or 
even weeks, they face different problems regarding 
nutrition such as dehydration, glycogen depletion, 
gastrointestinal discomfort and fluid overload, which 
may occur as a single problem or a combination of 
problems. The continuous physical stress leads to 
an energy deficit. Furthermore, the ultra-endurance 
performance may lead to dehydration due to sweating. 
Literature regarding nutrition in endurance and 
ultra-endurance has already been reviewed for spe-
cific topics [1-8]. In these reviews, recommendations 
were made for nutritional practices in order to recover 
and prepare for daily training [1,6,7], protein intake 
during training [6,8], intake of fat prior to an endur-
ance performance [3], intake of carbohydrates before 
performance [2,4,6,8-10], intake of carbohydrates 
during exercise [3,4,6,10,11], intake of carbohydrates 
after performance [4,6,10-12], protein intake for 
recovery [10], and fluid intake during performance 
[4-8,10,11,13,14].  
However, the problems of energy deficit and fluid 
metabolism in ultra-endurance athletes have not been 
addressed. The main problems regarding energy and 
fluid metabolism of an ultra-endurance performance 
can be separated in two categories. The first aspect 
concerns the energy deficit with the corresponding 
loss in solid body masses such as fat mass and skeletal 
muscle mass. The second aspect concerns the deregu-
lation of fluid metabolism with dehydration or fluid 
overload with an increased risk of exercise-associated 
hyponatremia (EAH). The aim of this review is to focus 
on the decrease in body mass, and the problems in en-
ergy and fluid balance ultra-endurance performance.
Nutritional problems associated with ultra-endu-
rance performance
Energy turnover and energy deficit in ultra-endu-
rance
Most research conducted on extreme endur-
ance (>3 hours) is based on case studies and studies 
involving a small number of individuals [5]. Con-
ducting research in these events is challenging and 
the number of studies is very limited. Due to the 
lack of research and the complexities in conducting 
research in ultra-endurance races, we are dependent 
on scientific findings from other similar endurance 
sports. Thus findings for nutrition in endurance 
performance shorter than six hours in duration are 
examined first. For endurance exercise lasting 30 min 
or more, the most likely contributors to fatigue are 
dehydration and carbohydrate depletion [7], whereas 
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gastrointestinal problems, hyperthermia, and EAH 
can reduce endurance exercise performance and are 
potentially health threatening, especially in events of 
four hours or longer in duration [7,15]. Gastrointes-
tinal problems occur frequently, especially in long-
distance triathlons [15]. Problems seem to be related 
to the intake of highly concentrated carbohydrate 
solutions, or hyperosmotic drinks, and the intake of 
fibers, fat and protein [15].
Meeting macronutrient and fluid intake demands 
is of highest priority for ultra-endurance athletes [4]. 
An ultra-endurance athlete competing for hours or 
days with or without breaks expends considerable 
amounts of energy [16-37]. Meeting the energy 
demands of ultra-endurance athletes during racing 
requires careful planning and monitoring of food 
and fluid intake [25,38]. Adequate carbohydrate and 
fluid intake during an endurance performance may 
help to reduce fatigue and enhance performance [10]. 
Current evidence continues to support mandatory 
high carbohydrate intakes before an event to maxi-
mize muscle glycogen stores and during an event to 
prevent hypoglycemia [4]. Numerous case reports 
[17,25,28-34,39] and field studies [19,24,27,40-44] 
showed, however, that ultra-endurance athletes were 
unable to self-regulate diet or exercise intensity to 
prevent a negative energy balance. Estimation of 
energy expenditure prior to the beginning of an 
ultra-endurance event would allow athletes to plan 
the diet energy intake better [44]. Furthermore, the 
insufficient energy intake is associated with malnu-
trition such as a low antioxidant vitamin intake [45].
Adequate food and fluid intake is related to a suc-
cessful finish of an ultra-endurance race [24,46,47]. 
An important key to a successful finish in an ultra-
endurance race seems to be an appropriate nutri-
tion strategy during the race [47]. Additionally, an 
energy deficit inhibits ultra-endurance performance. 
A significant negative relationship between energy 
intake and time taken to complete a 384-km cycle 
race is documented in ultra-cyclists [43]. An ultra-
endurance performance results in an energy deficit 
[17,19-31,34,36-39,48-55].There are reports of energy 
expenditures of ~365-750 kcal/hour with total energy 
expenditures of ~18 000-80 000 kcal, which were re-
quired to complete adventure races. These energy ex-
penditures were accompanied by significant negative 
energy balances during competitions [8].
In Table 2, results from case and field studies are 
summarized and separated by discipline (i.e. swim-
ming, cycling, running and the combination as tri-
athlon). Regarding the single disciplines, the energy 
deficit seems higher in swimming compared to cycling 
and running. This might be explained by the different 
environment (i.e. water) as compared to cycling and 
running. Alternatively, swimming may involve more 
skeletal muscle mass than cycling or running. Or it 
could be that swimmers ingest fewer calories during 
performance than runners or cyclists do. For events 
lasting 24 hours or longer, the energy deficit is highest 
Table 1. Well-known ultra-endurance races in swimming, cycling, running and triathlon
Discipline Distance Website
Swimming
Channel Swimming ~34 km, sea water www.dover.uk.com/channelswimming
Cycling
Furnace Creek 508 ~820 km in California, USA www.adventurecorps.com
Tortour ~1,000 km around Switzerland www.tortour.ch
Race around Ireland ~2,200 km around Ireland www.racearoundireland.com
Race around Austria ~2,200 km around Austria www.racearoundaustria.at
Race across America ~4,800 km across America www.raceacrossamerica.org
Running
Ultra Trail du Mont Blanc 166 km www.ultratrailmb.com
Badwater 217 km www.badwater.com
Spartathlon 246 km www.spartathlon.gr
Marathon des Sables ~240 km www.darbaroud.com
Western States Endurance Run 161 km www.ws100.com
Trans Europe Foot Race ~5,100 km www.transeurope-footrace.org
Triathlon
Virgina Double Iron Triathlon 7.6 km swim, 360 km bike, 84.4 km run www.usaultratri.com
Virgina Triple Iron Triathlon 11.4 km swim, 540 km bike, 126.6 km run www.usaultratri.com
Deca Iron Triathlon Mexico 36 km swim, 1,800 km bike, 420 km run www.multisport.com.mx
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Table 2. Energy balance in ultra-endurance athletes in different disciplines
Distance and/or time Subjects
Total 
energy 
intake 
(kcal)
Total ener-
gy expendi-
ture  
(kcal)
Total 
energy 
deficit 
(kcal)
Energy 
deficit in 
24 hours 
(kcal)
Energy 
deficit 
per hour 
(kcal)
Refe-
rence
Swimming
26.6 km 1 male 2,105 5,540 - 3,435 - 429 30
26.6 km 1 male - 500 48
24-h swim 1 male 3,900 11,460 - 7,480 - 7,480 - 311 49
Mean (SD) - 413±95
Cycling
12 hours indoor-cycling 1 male 2,750 5,400 - 2,647 - 220 34
557 km in 24 hours 1 male 5,571 15,533 - 9,915 - 9,915 - 413 39
617 km in 24 hours 1 male 10,000 13,800 - 3,800 - 3,800 - 158 28
694 km in 24 hours 1 male 10,576 19,748 - 9,172 - 9,172 - 382 25
24 hours cycling 6 males 8,450 18,000 - 9,590 - 9,590 - 399 26
1,000 km in 48 hours 1 male 12,120 16,772 - 4,650 - 2,325 - 96 36
1,126 km in 48 hours 1 male 11,098 14,486 - 3,290 - 1,645 - 65 50
2,272 km in 5 d 7 h 1 male 51,246 80,800 - 29,554 - 5,585 - 232 17
4,701 km in 9 d 16 h 1 male 96,124 179,650 - 83,526 - 8,352 - 360 22
Mean (SD) - 6,298 ± 3,392
- 258 
± 134
Running
160 km in 20 h 1 male 9,600 8,480 - 1,120 - 56 51
320 km in 54 h 1 male 14,760 18,120 - 3,360 - 1,493 - 62 23
501 km in 6 days 1 male 39,666 54,078 - 14,412 - 2,402 - 100 21
Atacama crossing 1 male 37,191 101,157 - 63,966 - 3,046 - 127 37
100 km 11 female 570 6,310 - 5,750 - 452 52
100 km 27 male 760 7,420 - 6,660 - 580 53
Mean (SD) - 2,313 ± 780
- 229 
± 227
Triathlon
Triple Iron ultra-triathlon 1 male 15,750 27,485 - 11,735 - 6,869 - 286 54
Triple Iron ultra-triathlon 1 male 22,500 28,600 - 6, 100 - 3,404 - 141 31
Gigathlon multi-stage triathlon 1 male 38,676 59,622 20,646 - 9,937 - 414 29
10 x Ironman triathlon 1 male 77,640 89,112 - 11,480 - 7,544 - 314 55
Mean±SD - 6,938 ± 2,699
- 288 
± 112
 
in multi-sports disciplines and cycling. In running, the 
energy deficit is approximately three times lower than 
it is in both triathlon and cycling.
Change in body mass during an ultra-endurance 
performance
A further important fact in ultra-endurance racing 
is the finding that an ultra-endurance performance 
generally results in a loss in body mass (Table 3) 
[17,21-23,25,27,28,31,35-37,48,49,52,54,55-68]. The 
loss in body mass occurs most often in the lower 
trunk [21,37,60]. Depending on the length of the en-
durance performance and the discipline, the decrease 
in body mass corresponds to a decrease in fat mass 
[17,23,26,33,34,55,56,62-67] and/or skeletal muscle 
mass [17,24,32,55,56,58,59,61,62,66]. 
The total amount of amino acid oxidation during 
endurance exercise is only 1-6% of the total energy 
cost of exercise [69]. The decrease in skeletal muscle 
mass due to protein degradation is most probably 
very low. Concentric endurance performance, such 
as cycling, results in a decrease in fat mass [34,65], 
whereas an eccentric endurance performance, such 
as running, results in a decrease in muscle mass [59]. 
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In runners, a decrease in both fat mass and skeletal 
muscle mass has been reported [58,59]. For swim-
mers, no change in body mass, fat mass or skeletal 
muscle mass has been reported for 12-hour indoor 
pool swimmers [70]. In male open-water ultra-
swimmers, however, a decrease in skeletal muscle 
mass was observed [71].
However, also an increase in body mass can 
occur during an ultra-endurance performance 
(Table 3) [28,31,36,57,60]. Additionally, an increase 
in skeletal muscle mass has also been reported 
[28,31,34,36,54,57,60]. The increase in body mass was 
most probably due to fluid overload. An increase in 
estimated skeletal muscle mass might occur in cases 
where anthropometric methods were used and an 
increase in skin-fold thicknesses and limb circumfer-
ences was measured. Overall, ultra-endurance athletes 
seemed to lose approximately 0.5 kg in body mass 
and approximately 1.4 kg in fat mass where skeletal 
muscle mass seemed to remain largely unchanged. 
Additionally, total body water seemed to increase by 
approximately 1.5l [35,36,52,54-58].
Dehydration, fluid intake and fluid overload
Dehydration refers both to hypohydration (i.e. 
dehydration induced prior to exercise) and to 
exercise-induced dehydration (i.e. dehydration that 
develops during exercise). The latter reduces aerobic 
endurance performance and results in increased 
body temperature, heart rate, perceived exertion, 
and possibly increased reliance on carbohydrates as 
a fuel source [72]. Most endurance athletes are con-
cerned with dehydration during an ultra-endurance 
performance. Generally, ultra-endurance athletes 
do not meet their fluid demand during exercise [5]. 
It has been shown that body mass was lost during 
a 24-hour ultra-marathon [73]. However, body 
mass loss in ultra-endurance athletes seems to be 
Table 3. Change in body composition in ultra-endurance athletes in different disciplines
Distance and/or time Subjects
Change in 
body mass 
(kg)
Change 
in fat 
mass (kg)
Change in 
muscle mass 
(kg)
Change in 
body water 
(l)
Reference
Swimming
24-h swim 1 male - 1.6 - 2.4 - 1.5 - 3.9 49
12-h swim 1 male - 1.1 - 1.1 48
Cycling
12-h indoor cycling 1 male - 0.4 - 0.9 + 0.2 34
617 km in 24 hours 1 male + 4.0 + 0.9 + 2.9 28
1,000 km within 48 hours 1 male + 2.5 - 1 + 0.4 + 1.8 36
2,272 km in 5 d 7 h 1 male - 2.0 - 0.79 - 1.21 17
4,701 km in 9 d 16 h 1 male - 5 - - 22
Running
12-h run 1 male + 1.5 - 4.4 + 1.0 + 4.9 57
320 km in 54 h 1 male - 0.4 - 0.3 - 1.0 23
501 km in 6 days 1 male - 3.0 - 6.8 21
100 km in 762 min 11 females - 1.5 + 2.2 52
100 km in 11:49 h:min 39 males -1.6 - 0.4 - 0.7 + 0.8 56
338 km in 5 days 21 males - 0.6 59
1,200 km in 17 days 10 males -3.9 - 2.0 + 2.3 l 58
Triathlon
Triple Iron ultra-triathlon in 41 h 1 male - 1.1 - 0.4 + 1.4 + 2.0 54
Triple Iron ultra-triathlon in 43 h 1 male + 2.1 + 0.4 + 4.4 31
Deca Iron ultra-triathlon 1 male + 3.2 + 2.4 + 2.4 60
Quintuple Iron ultra-triathlon 1 male - 0.3 - 1.9 + 1.5 35
10 x Ironman triathlon in 128 h 1 male - 1.0 - 0.8 - 0.9 + 2.8 55
Ironman in 11 h 36 min 27 males - 1.8 - 1.0 61
Triple Iron ultra-triathlon 31 males - 1.7 - 0.6 - 1.0 62
10 x Ironman triathlon in128 h 8 males - 3 63
Mean±SD - 0.4 ± 2.5 - 1.4 ± 2.3 + 0.1 ± 1.9 + 1.5 ± 1.30
204
Knechtle B. / Medicina Sportiva 17 (4): 200-210, 2013
due to a decrease in sold mass and not dehydration 
[62,64,74]. Endurance athletes should attempt to 
minimize dehydration and limit body mass losses 
due to sweating to 2-3% of body mass [7]. Adequate 
fluid intake prevents loss in body mass [41]. How-
ever, fluid overload may lead to an increase in body 
mass [75] and a decrease in plasma sodium [75] with 
the risk of EAH [75-77]. 
Recent trends towards excessive fluid intake have 
resulted in frequent reports of hyponatremic hyper-
hydration in ultra-distance athletes, with a greater 
incidence in women than in men [4]. Fluid overload 
may lead to a considerable increase in body mass [75]. 
For example, one athlete competing in a Deca Iron 
ultra-triathlon with 38km of swimming, 1,800km of 
cycling and 422 km of running in 12 d 20 h showed an 
increase in body mass of 8kg within the first three days 
[60]. Unfortunately, energy intake, energy expenditure 
and fluid intake were not recorded, but the changes in 
skinfold thickness showed that edemas during the race 
had occurred. In athletes with post-race increases in 
body mass, increased skin-fold thicknesses and limb 
circumferences of the lower limb were also recorded 
[36,60]. In an athlete with an increase in body mass, an 
increase in skin-fold thicknesses at four skin-fold sites 
was also reported [28]. Both of these races were held 
in rather hot environments where most probably fluid 
intake was rather high. 
However, in athletes with decreases in body mass, 
an increase in lower limb skin-fold thicknesses has also 
been reported [17,55,67]. In one athlete with a decrease 
in body mass after a Triple Iron ultra-triathlon, a con-
siderable swelling of the feet was reported [54]. The 
timing in measuring skin-fold thicknesses and limb 
circumferences post-race is important because body 
mass and total body water may increase days after the 
race is finished [54].
The increase in body mass, skin-fold thicknesses 
and limb circumferences was most probably due to 
an increase in total body water (Table 3) [36,55,78]. 
An increase in total body water has been reported in 
ultra-endurance athletes [35,36,52,54-58,63,79,80]. 
The question is why both the skin-fold thicknesses 
and total body water increased. The increase in total 
body water might be due to an increase in plasma 
volume [35,79-82], which in turn might be due to 
sodium retention [79,81] due to increased activity 
of aldosterone [35,83]. An association between an 
increase in plasma volume and an increase in the 
potassium-to-sodium ratio in urine might suggest 
that the increased activity of aldosterone [84] may 
result in retention in both sodium and fluid during an 
ultra-endurance performance [53]. In a multi-stage 
race over seven days, total mean plasma sodium con-
tent increased and was a major factor in the increase 
in plasma volume [79]. 
Apart from these pathophysiological aspects, fluid 
overload might also result in an increase in limb vol-
ume. A recent study showed a relationship between 
changes in limb volumes and fluid intake [85]. Since 
neither renal function nor fluid regulating hormones 
were associated with changes in limb volumes, fluid 
overload is the most likely reason for an increase in 
both body mass and limb volumes. An actual study 
showed an association between an increased fluid in-
take and swelling of the feet in ultra-marathoners [86].
Fluid intake and exercise-associated hyponatremia 
(EAH)
Fluid overload during an endurance performance 
might lead to exercise-associated hyponatremia 
(EAH), defined as a serum sodium concentration 
([Na+]) <135 mmol/l during or within 24 hours of ex-
ercise [87]. EAH was first described in the literature 
in 1985 by Noakes et al. where ultra-marathoners in 
South Africa with hyponatremia were thought have 
had ‘water intoxication’[88]. Three main factors are 
responsible for the occurrence of EAH in endur-
ance athletes: (i) overdrinking due to biological or 
psychological factors; (ii) inappropriate secretion 
of the antidiuretic hormone (ADH), in particular, 
the failure to suppress ADH-secretion in the face of 
an increase in total body water (TBW); and (iii) a 
failure to mobilize Na+ from the osmotically inac-
tive sodium stores or alternatively inappropriate 
osmotic inactivation of circulating Na+ [87]. In that 
the mechanisms causing factors (i) and (iii) are 
unknown, it follows that the prevention of EAH 
requires that athletes be encouraged to avoid over-
drinking while exercising. 
EAH is the most common medical complication of 
ultra-distance exercise and is usually caused by exces-
sive hypotonic fluid intake [89,90]. The main reason 
for developing EAH is the tendency of overdrinking 
during an endurance performance, by either an exces-
sive fluid consumption [76] and/or inadequate sodium 
intake [91]. Subjects developing EAH during an ultra-
endurance performance consumed twice as much fluid 
as those subjects without EAH [76]. Generally, fluid 
overload is reported for slower athletes [92]. However, 
in ultra-endurance athletes, faster athletes drink more 
than slower athletes but did not develop EAH [93,94].
The environmental conditions seemed to influ-
ence the prevalence of EAH. EAH was a common 
finding in ultra-endurance races held in extreme 
cold [91,95] or extreme heat [75,96]. In temperate 
climates, EAH was, however, relatively uncommon 
[83,97-110]. There seemed to be a gender difference 
where females seemed to be at higher risk for EAH 
[95]. The prevalence of EAH in ultra-marathoners 
[101,110,114] was, however, not higher compared to 
marathoners [92,111-113].
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The prevalence of EAH seemed also to be depen-
dent on the discipline (Table 4). While EAH was highly 
prevalent in ultra-swimming [95] and ultra-running 
[96], the prevalence of EAH was low [99,115] or even 
absent [98,100] in ultra-cyclists. In addition, the length 
of an ultra-endurance race seemed to increase the risk 
for EAH. The highest prevalence of EAH has been 
found in Ironman triathlons [106,108], Triple Iron 
ultra-triathlons [109] and ultra-marathons over 161 
km [75,96].
Nutritional aspects during ultra-endurance racing
Guidelines for nutrition strategies for ultra-
endurance races are absent since there has been very 
little research into optimal nutritional practices in 
extreme sporting events. The few investigations that 
have indeed been conducted have mainly been case 
studies. No controlled studies linking specific nutri-
tional strategies with higher performances do exist. 
The comprehensive nutritional analyses of the intake 
patterns of ultra-endurance athletes who manage to 
avoid health difficulties, such as gastrointestinal dis-
tress and mental disorientation commonly associated 
with ultra-distance efforts have yet to be compared 
to the nutrient and fluid intakes of ultra-athletes 
who fall prey to these problems. Adequate energy 
and fluid intake is needed to successfully compete 
in an ultra-endurance race [116-124]. Most studies 
are descriptive in nature and reporting the distribu-
tion of carbohydrates, fat and protein the athletes 
ingested (Table 5) [17,21,22,28,29,31,116,119,120]. 
Some studies report on the kind of food consumed 
[121-123] and some studies investigated the aspect 
of supplements [125-128]. 
Intake of carbohydrates
Carbohydrates are the main source of energy 
intake for ultra-endurance athletes [17,38,55,118].
When the intake of carbohydrates, fat and protein 
during ultra-endurance racing was analyzed for ultra-
endurance athletes, the highest percentage was found 
in carbohydrates. Ultra-endurance athletes consume 
approximately 68% of ingested energy as carbohy-
drates (Table 5).
Table 4. Prevalence of exercise-associated hyponatremia in ultra-endurance athletes in different disciplines
Distance and/or time Conditions Subjects
Prevalence of  
exercise-associated 
hyponatremia
Reference
Swimming
26-km open-water ultra-swim Moderate 25 males and 11 females 8 % in males and  36%  in females 95
Cycling
665-km mountain bike race Moderate 25 cyclists 0 % 98
109 km cycle race Moderate 196 cyclists 0.5 % 99
720-km ultra-cycling race Moderate 65 males 0 % 100
Running
161-km mountain trail run Hot 45 runners 51 % 75
161-km mountain trail run Hot 47 runners 30 % 96
60-km mountain run Moderate 123 runners 4 % 101
100-km ultra-marathon Moderate 50 male runners 0 % 83
100-km ultra-marathon Moderate 145 male runners 4.8 % 94
24-hour ultra-run Moderate 15 males 0 % 102
90-km ultra-marathon Moderate 626 runners 0.3 % 88
160-km trail race Hot 13 runners 0 % 41
Multi-disciplines
100-mile Iditasport ultra-marathon Cold 8 cyclists and 8 runners 44 % 91
161-km race Cold 20 athletes 0 % 103
Kayak, cycling and running Moderate 48 triathletes 2 % 104
Ironman triathlon Moderate 330 triathletes 1.8 % 105
Ironman triathlon Moderate 330 triathletes 18 % 106
Ironman triathlon Moderate 95 triathletes 9 % 107
Ironman triathlon Moderate 18 triathletes 28 % 108
Triple Iron ultra-triathlon Moderate 31 triathletes 26 % 109
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Intake of fat
An increased fat intake pre-race leads to an in-
crease in intramyocellular lipids in ultra-endurance 
athletes [31]. Increased intramyocellular lipids might 
improve ultra-endurance performance. However, field 
studies with controlled data do not exist with regard 
to whether fat loading improves ultra-endurance 
performance. In a case report, the ultra-endurance 
performance of a rower was enhanced after following 
a high fat diet for 14 d [129]. An increased fat intake 
during an ultra-endurance competition might well 
improve performance. However, also for this conclu-
sion, field studies with controlled data do not exist. In 
a case report on an ultra-marathoner competing in a 
six-day ultra-marathon, the athlete consumed 34.6% 
fat in his daily food intake [21]. Nonetheless, body fat 
decreased in the first two days and was unchanged 
until the end of the race. In addition, performance 
slowed down after the first two days. Ultra-endurance 
athletes consume approximately 19% of energy as fat, 
which is higher than consumed energy in the form of 
protein (Table 5).
Intake of protein
Regarding protein intake, athletes consume ap-
proximately 12% of ingested energy as protein during 
racing. An observational field study at the ‘Race across 
America’ showed that ultra-endurance cyclists ingest 
rather large amounts of protein [121]. One might as-
sume that athletes experienced a loss in skeletal muscle 
mass and tried to prevent this loss by using amino 
acids. A recent study tried to investigate whether an 
increase in amino acids during an ultra-marathon 
prevents skeletal muscle damage [130]. The intake of 
amino acids showed no effect on parameters related 
to skeletal muscle damage.
Intake of ergogenic supplements, vitamins and 
minerals
A dietary supplement, such as vitamins and 
minerals, is characterized as a product which can be 
used to address physiological or nutritional issues 
in sports. It may provide a convenient or practical 
means of consuming special nutrient requirements 
for sport activity, or it may be used to prevent/re-
verse nutritional deficiencies that commonly occur 
in athletes. The basis of the dietary supplement is 
an understanding of nutritional requirements and 
physiological effects of exercise. When the supple-
ment is used to meet a physiological/nutritional 
goal triggered by sport activity, it may be proven 
to enhance sports performance [131]. Vitamin and 
mineral supplements are frequently used by com-
petitive and recreational ultra-endurance athletes 
during training [122,123,126,127] and competitions 
[120-123]. 
The intake of ergogenic supplements, vitamins 
and minerals in ultra-endurance athletes and its effect 
on performance has been investigated in a number 
of studies [125,126,128]. In long-distance triathletes, 
over 60% of the athletes reported using vitamin 
supplements, of which vitamin C (97.5%), vitamin 
E (78.3%), and multivitamins (52.2%) were the most 
commonly used supplements during training. Almost 
half (47.8%) the athletes who used supplements did 
so to prevent or reduce cold symptoms [128]. The 
regular intake of vitamins and minerals seems, how-
ever, not to enhance ultra-endurance performance 
[125,126]. In the ‘Deutschlandlauf  2006’ of over 
1,200 km in 17 consecutive stages, athletes with a 
regular intake of vitamin and mineral supplements 
during the four weeks before the race finished the 
competition no faster than athletes without vitamins 
Table 5. Intake of energy in ultra-endurance athletes in different disciplines
Distance and/or time Subjects Intake of carbohydrates (%)
Intake of fat 
(%)
Intake of protein 
(%) Reference
Cycling
617 km in 24 hours 1 male 64.2 27 8.8 28
2,272 km in 5 d 7 h 1 male 75.4 14.6 10.0 17
4,701 km in 9 d 16 h 1 male 75.2 16.2 8.6 22
Running
100 km 7 males 88.6 6.7 4.7 119
501 km in 6 days 1 male 40.0 34.6 25.4 21
1,005 km in 9 days 1 male 62 27 11 122
Triathlon
Deca Iron ultra-triathlon 1 male 67.4 15.6 17.0 120
Gigathlon 1 male 72 14 13 29
Triple Iron ultra-triathlon 1 male 72 20 8 31
Mean (SD) 68.5 ± 13.2 19.5 ± 8.5 11.8 ± 6.1
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and minerals [125]. In a Triple Iron ultra-triathlon, 
athletes with a regular intake of vitamin and mineral 
supplements prior to the race were not faster [126]. 
Caffeine can be used as an ergogenic aid to help 
competitors stay awake during prolonged periods, 
enhance glycogen resynthesis and endurance per-
formance [8].
Fluid intake during endurance performance
Ad libitum fluid intake seemed to be the best strat-
egy to prevent EAH and to maintain plasma sodium 
concentration [52,83,94,132-135]. Low fluid intake 
between 300 ml/h and 400 ml/h seemed to prevent 
EAH [52,106,132]. In a 4 h march a mean ad libitum 
fluid intake of approximately 400 ml/h maintained 
serum sodium concentration [132]. A fluid consump-
tion of approximately 400 ml/h prevented from EAH 
in a 161-km race in the cold [103].
Sodium supplementation during endurance perfor-
mance
One might argue that a supplement of sodium 
during an endurance race might prevent EAH. How-
ever, two studies on Ironman triathletes showed that 
ad libitum sodium supplementation was indeed not 
necessary to preserve serum sodium concentrations 
in athletes competing for about 12 hours in an Iron-
man [136,137].
Conclusions and implications for future research
Regarding these findings ultra-endurance athletes 
face a decrease in body mass most probably due to a 
decrease in both fat mass and skeletal muscle mass. 
During a race, athletes are not able to compensate 
for their energy deficit. Athletes tend to increase 
their fluid intake with increasing length of an ultra-
endurance performance, which seems to result in 
both an increased risk of EAH and limb swelling. In 
summary, an energy deficit seems to be unavoidable 
in ultra-endurance performances. The best strategy to 
prevent both EAH and limb swelling is to minimize 
fluid intake to approximately 300-400 ml per hour.
Declaration of interest
The authors report no conflicts of interest.
References 
1. Zaryski C, Smith DJ. Training principles and issues for ultra-
-endurance athletes. Curr Sports Med Rep 2005; 4: 165-70. 
2. Brown RC. Nutrition for optimal performance during exerci-
se: carbohydrate and fat. Curr Sports Med Rep 2002; 4: 222-9.
3. Lambert EV, Goedecke JH. The role of dietary macronutrients 
in optimizing endurance performance. Curr Sports Med Rep 
2003; 4: 194-201.
4. Peters EM. Nutritional aspects in ultra-endurance exercise. 
Curr Opin Clin Nutr Metab Care 2003; 4: 427-34.
5. Rehrer NJ. Fluid and electrolyte balance in ultra-endurance 
sport. Sports Med 2001; 31: 701-15. 
6. American Dietetic Association; Dietitians of Canada; Ame-
rican College of Sports Medicine, Rodriguez NR, Di Marco 
NM, Langley S. American College of Sports Medicine position 
stand. Nutrition and athletic performance. Med Sci Sports 
Exerc 2009; 41: 709-31. 
7. Jeukendrup AE. Nutrition for endurance sports: marathon, 
triathlon, and road cycling. J Sports Sci 2011; 29: 91-9. 
8. Ranchordas MK. Nutrition for adventure racing. Sports Med 
2012; 42: 915-27. 
9. Hargreaves M, Hawley JA, Jeukendrup A. Pre-exercise 
carbohydrate and fat ingestion: effects on metabolism and 
performance. J Sports Sci 2004; 22: 31-8. 
10. Burke LM, Millet G, Tarnopolsky MA, International Associa-
tion of Athletics Federations. Nutrition for distance events. J 
Sports Sci 2007; 25: 29-38. 
11. Von Duvillard SP, Braun WA, Markofski M, et al. Fluids and 
hydration in prolonged endurance performance. Nutrition 
2004; 7-8: 651-6. 
12. Millard-Stafford M, Childers WL, Conger SA, et al. Recovery 
nutrition: timing and composition after endurance exercise. 
Curr Sports Med Rep 2008; 7: 193-201. 
13. Maughan RJ, Shirreffs SM. Dehydration and rehydration in 
competative sport. Scand J Med Sci Sport 2010; 3: 40-7.
14. Maughan RJ, Shirreffs SM. Nutrition for sports performance: 
issues and opportunities. Proc Nutr Soc 2012; 71 : 112-9. 
15. Jeukendrup AE, Jentjens RL, Moseley L. Nutritional conside-
rations in triathlon. Sports Med 2005; 35: 163-81. 
16. Ardigò LP, Capelli C. Energy expenditure during the LANY 
Footrace 2011 - a case study. Appl Physiol Nutr Metab 2012 
Sep 12. [Epub ahead of print].
17. Bircher S, Enggist A, Jehle T, Knechtle B. Effects of an extreme 
endurance race on energy balance and body composition - a 
case report. J Sports Sci Med 2006; 5: 154-62.
18. Hill RJ, Davies PS. Energy expenditure during 2 wk of an 
ultra-endurance run around Australia. Med Sci Sports Exerc 
2001; 33: 148-51.
19. Hulton AT, Lahart I, Williams KL, et al. Energy expenditure 
in the Race Across America (RAAM). Int J Sports Med 2010; 
31: 463-7. 
20. Kimber NE, Ross JJ, Mason SL, Speedy DB. Energy balance 
during an ironman triathlon in male and female triathletes. 
Int J Sport Nutr Exerc Metab 2002; 12: 47-62.
21. Knechtle B, Bircher S. Changes in body composition during 
an extreme endurance run. Praxis (Bern 1994) 2005; 94: 371-7.
22. Knechtle B, Enggist A, Jehle T. Energy turnover at the Race 
Across America (RAAM) - a case report. Int J Sports Med 
2005; 26: 499-503.
23. Knechtle B, Knechtle P. Run across Switzerland–effect on 
body fat and muscle mass. Praxis (Bern 1994) 2007; 96: 281-6.
24. Kruseman M, Bucher S, Bovard M, et al. Nutrient intake and 
performance during a mountain marathon: an observational 
study. Eur J Appl Physiol 2005; 94: 151-7. 
25. White JA, Ward C, Nelson H. Ergogenic demands of a 24 hour 
cycling event. Br J Sports Med 1984; 18: 165-71.
26. Peters EM. Nutritional aspects in ultra-endurance exercise. 
Curr Opin Clin Nutr Metab Care 2003; 6: 427-34. 
27. Bourrilhon C, Philippe M, Chennaoui M, et al. Energy 
expenditure during an ultraendurance alpine climbing race. 
Wilderness Environ Med 2009; 20: 225-33.
28. Knechtle B, Knechtle P, Müller G, Zwyssig D. Energieumsatz 
an einem 24 Stunden Radrennen: Verhalten von Körperge-
wicht und Subkutanfett. Ö J Sportmed  2003; 33: 11-18.
29. Knechtle B, Bisig A, Schläpfer F, Zwyssig D. Energy metabo-
lism in long-term endurance sports: a case study. Praxis (Bern 
1994) 2003; 92: 859-64.
30. Knechtle B, Knechtle P, Heusser D. Energieumsatz bei Lang-
streckenschwimmen – eine Fallbeschreibung. Ö J Sportmed 
2004; 33: 18-23.
31. Knechtle B, Zapf J, Zwyssig D, et al. Energieumsatz und Mus-
kelstruktur bei Langzeitbelastung: eine Fallstudie. Schweiz Z 
Sportmed  2003; 51: 180-7.
32. Knechtle B, Knechtle P, Kaul R, Kohler G. Swimming for 12 
hours leads to no reduction of adipose subcutaneous tissue–a 
case study. Praxis (Bern 1994) 2007; 96: 1805-10.
208
Knechtle B. / Medicina Sportiva 17 (4): 200-210, 2013
33. Knechtle B, Zimmermann K, Wirth A, et al. 12 hours running 
results in a decrease of the subcutaneous adipose tissue. Praxis 
(Bern 1994) 2007; 96: 1423-9.
34. Knechtle B, Früh HR, Knechtle P, et al. A 12 hour indoor 
cycling marathon leads to a measurable decrease of adipose 
subcutaneous tissue. Praxis (Bern 1994) 2007; 96: 1071-7.
35. Knechtle B, Knechtle P, Andonie JL, Kohler G. Body com-
position, energy, and fluid turnover in a five-day multistage 
ultratriathlon: a case study. Res Sports Med 2009; 17: 104-120.
36. Knechtle B, Knechtle P, Kohler G. The effect of 1,000 km 
nonstop cycling on fat mass and skeletal muscle mass. Res 
Sports Med 2011; 19: 170-85.
37. Koehler K, Huelsemann F, de Marees M, et al. Case study: 
simulated and real-life energy expenditure during a 3-week 
expedition. Int J Sport Nutr Exerc Metab 2011; 21: 520-6.
38. Lindeman AK. Nutrient intake of an ultraendurance cyclist. 
Int J Sport Nutr 1991; 1: 79-85.
39. Bescós R, Rodríguez FA, Iglesias X, et al. High energy deficit 
in an ultraendurance athlete in a 24-hour ultracycling race. 
Proc (Bayl Univ Med Cent) 2012; 25: 124-8.
40. Francescato MP, Di Prampero PE. Energy expenditure during 
an ultra-endurance cycling race. J Sports Med Phys Fitness 
2002; 42: 1-7.
41. Glace BW, Murphy CA, McHugh MP. Food intake and elec-
trolyte status of ultramarathoners competing in extreme heat. 
J Am Coll Nutr 2002; 21: 553-9.
42. Armstrong LE, Casa DJ, Emmanuel H, et al. Nutritional, 
physiological, and perceptual responses during a summer 
ultraendurance cycling event. J Strength Cond Res 2012; 26: 
307-18.
43. Black KE, Skidmore PM, Brown RC. Energy intakes of ul-
traendurance cyclists during competition, an observational 
study. Int J Sport Nutr Exerc Metab 2012; 22: 19-23.
44. Rejc E, Lazzer S, Antonutto G. Energy expenditure and dietary 
intake of athletes during an ultraendurance event developed 
by hiking, cycling and mountain climbing. J Sports Med Phys 
Fitness 2010; 50: 296-302.
45. Machefer G, Groussard C, Zouhal H, et al. Nutritional and 
plasmatic antioxidant vitamins status of ultra endurance 
athletes. J Am Coll Nutr 2007; 26: 311-6.
46. Stuempfle KJ, Hoffman MD, Weschler LB, et al. Race diet of 
finishers and non-finishers in a 100 mile (161 km) mountain 
footrace. J Am Coll Nutr 2011; 30: 529-35.
47. Knechtle B, Knechtle P, Rüst CA, et al. Finishers and non-
finishers in the ‘Swiss Cycling Marathon‘ to qualify for the 
‘Race Across America‘. J Strength Cond Res 2011: 25: 3257-63.
48. Knechtle B, Baumann B, Knechtle, P. Effect of ultra-endurance 
swimming on body composition–marathon swim 2006 from 
Rapperswil to Zurich. Praxis (Bern 1994) 2007; 96: 585-9.
49. Knechtle B, Knechtle P, Kohler G, Rosemann T. Does a 24-
hour ultra-swimming lead to dehydration? J Hum Sports 
Exerc 2011; 6: 68-79.
50. Stewart IB, Stewart KL. Energy balance during two days of 
continuous stationary cycling. J Int Soc Sports Nutr 2007; 4: 15. 
51. O‘Hara WJ, Allen C, Shephard RJ, Gill JW. LaTulippe-a case 
study of a one hundred and sixty kilometer runner. Br J Sports 
Med 1977; 11: 83-7.
52. Knechtle B, Senn O, Imoberdorf R, et al. Maintained total 
body water content and serum sodium concentrations despite 
body mass loss in female ultra-runners drinking ad libitum 
during a 100 km race. Asia Pac J Clin Nutr 2010; 19: 83-90.
53. Knechtle B, Senn O, Imoberdorf R, et al. No fluid overload 
in male ultra-runners during a 100 km ultra-run. Res Sports 
Med 2011; 19: 14-27.
54. Knechtle B, Vinzent T, Kirby S, et al. The recovery phase 
following a Triple Iron triathlon. J Hum Kinet 2009; 21: 65-74.
55. Knechtle B, Knechtle P, Schück R, et al. Effects of a Deca Iron 
Triathlon on body composition: a case study. Int J Sports Med 
2008; 29: 343-51. 
56. Knechtle B, Wirth A, Knechtle P, Rosemann T. Increase of 
total body water with decrease of body mass while running 
100 km nonstop–formation of edema? Res Q Exerc Sport 
2009; 80: 593-603.
57. Knechtle B, Zimmermann K, Wirth A, et al. 12 hours running 
results in a decrease of the subcutaneous adipose tissue. Praxis 
(Bern 1994) 2007; 96: 1423-9. 
58. Knechtle B, Duff B, Schulze I, Kohler G. A multi-stage ultra-
endurance run over 1,200 km leads to a continuous accumu-
lation of total body water. J Sports Sci Med 2008; 7: 357-64.
59. Knechtle B, Kohler G. Running 338 km within 5 days has no 
effect on body mass and body fat but reduces skeletal muscle 
mass - the Isarrun 2006. J Sports Sci Med 2007; 6: 401-7.
60. Knechtle B, Marchand, Y. Schwankungen des Körpergewichts 
und der Hautfaltendicke bei einem Athleten während eines 
Extremausdauerwettkampfes.  Schweiz Z Sportmed 2003; 
51: 174-8.
61. Knechtle B, Baumann B, Wirth A, et al. Male ironman tria-
thletes lose skeletal muscle mass. Asia Pac J Clin Nutr 2010; 
19: 91-7.
62. Knechtle B, Knechtle P, Rosemann T, Oliver S. A triple Iron 
triathlon leads to a decrease in total body mass but not to 
dehydration. Res Q Exerc Sport 2010; 81: 319-27.
63. Knechtle B,Salas Fraire O, Andonie JL, Kohler G. Effect of a 
multistage ultra-endurance triathlon on body composition: 
World Challenge Deca Iron Triathlon 2006. Br J Sports Med 
2008; 42: 121-5. 
64. Knechtle B, Wirth A, Knechtle P, et al. Do ultra-runners in 
a 24-h run really dehydrate? Ir J Med Sci 2011; 180: 129-34. 
65. Knechtle B, Wirth A, Knechtle P, Rosemann T. An ultra-cyc-
ling race leads to no decrease in skeletal muscle mass. Int J 
Sports Med 2009; 30: 163-7. 
66. Knechtle B, Duff B, Amtmann G, Kohler, G. An ultratriathlon 
leads to a decrease of body fat and skeletal muscle mass–the 
Triple Iron Triathlon Austria 2006. Res Sports Med 2008; 16: 
97-110.
67. Knechtle B, Schwanke M, Knechtle P, Kohler G. Decrease in 
body fat during an ultra-endurance triathlon is associated 
with race intensity. Br J Sports Med 2008; 42: 609-13. 
68. Rogers G, Goodman C, Rosen C. Water budget during ultra-
-endurance exercise. Med Sci Sport. Exerc 1997; 29: 1477-81.
69. Tarnopolsky M. Protein requirements for endurance athletes. 
Nutrition 2004; 7-8: 662-8.
70. Knechtle B, Knechtle P, Kaul R, Kohler G. No change of body 
mass, fat mass, and skeletal muscle mass in ultraendurance 
swimmers after 12 hours of swimming. Res Q Exerc Sport 
2009; 80: 62-70.
71. Weitkunat T, Knechtle B, Knechtle P, et al. Body composition 
and hydration status changes in male and female open-water 
swimmers during an ultra-endurance event. J Sports Sci 2012; 
30: 1003-13.
72. Barr SI. Effects of dehydration on exercise performance. Can 
J Appl Physiol 1999; 24, 164-72.
73. Kao WF, Shyu CL, Yang XW, et al. Athletic performance and 
serial weight changes during 12- and 24-hour ultra-mara-
thons. Clin J Sport Med 2008; 18: 155-8.
74. Knechtle B, Knechtle P, Rosemann T, Senn O. No dehydration 
in mountain bike ultra-marathoners. Clin J Sport Med 2009; 
19: 415-20.
75. Lebus DK, Casazza GA, Hoffman MD, Van Loan MD. Can 
changes in body mass and total body water accurately predict 
hyponatremia after a 161-km running race? Clin J Sport Med 
2010; 20: 193-9.
76. Rothwell SP, Rosengren DJ, Rojek AM, et al. Exercise-associa-
ted hyponatraemia on the Kokoda Trail. Emerg Med Australas 
2011; 23: 712-6. 
77. Twerenbold R, Knechtle B, Kakebeeke TH, et al. Effects 
of different sodium concentrations in replacement fluids 
during prolonged exercise in women. Br J Sports Med 2003; 
37: 300-303. 
78. Knechtle B, Morales NP, González ER, et al. Effect of a mul-
tistage ultraendurance triathlon on aldosterone, vasopressin, 
extracellular water and urine electrolytes. Scott Med J 2012; 
57: 26-32.
79. Fellmann N, Ritz P, Ribeyre J, et al. Intracellular hyperhydra-
tion induced by a 7-day endurance race. Eur J Appl Physiol 
Occup Physiol 1999; 80: 353-9.
209
Knechtle B. / Medicina Sportiva 17 (4): 200-210, 2013
80. Mischler I, Boirie Y, Gachon P, et al. Human albumin synthesis 
is increased by an ultra-endurance trial. Med Sci Sports Exerc 
2003; 35: 75-81.
81. Leiper JB, McCormick K, Robertson JD, et al. Fluid homo-
eostasis during prolonged low-intensity walking on consecu-
tive days. Clin Sci (Lond) 1988; 75: 63-70.
82. Neumayr G, Pfister R, Hoertnagl H, et al. Renal function and 
plasma volume following ultramarathon cycling. Int J Sports 
Med 2005; 26: 2-8.
83. Bürge J, Knechtle B, Knechtle P, et al. Maintained serum 
sodium in male ultra-marathoners-the role of fluid intake, 
vasopressin, and aldosterone in fluid and electrolyte regula-
tion. Horm Metab Res 2011: 43: 646-52. 
84. Keul J, Kohler B, von Glutz G, et al. Biochemical changes in a 
100 km run: carbohydrates, lipids, and hormones in serum. 
Eur J Appl Physiol Occup Physiol 1981; 47: 181-9.
85. Bracher A, Knechtle B, Gnädinger M, et al. Fluid intake and 
changes in limb volumes in male ultra-marathoners: does 
fluid overload lead to peripheral oedema? Eur J Appl Physiol 
2012; 112: 991-1003.
86. Cejka C, Knechtle B, Knechtle P, et al. An increased fluid 
intake leads to feet swelling in 100-km ultra-marathoners - 
an observational field study. J Int Soc Sports Nutr 2012; 9: 11.
87. Noakes TD, Sharwood K, Speedy D, et al. Three independent 
biological mechanisms cause exercise-associated hypona-
tremia: evidence from 2,135 weighed competitive athletic 
performances. Proc Natl Acad Sci U S A 2005; 102: 18550-5. 
88. Noakes TD, Goodwin N, Rayner BL, et al. Water intoxication: 
a possible complication during endurance exercise. Med Sci 
Sports Exerc 1985; 17: 370-5.
89. Rosner MH. Exercise-associated hyponatremia. Phys Sport-
smed 2008; 36: 55-61.
90. Rothwell SP, Rosengren DJ. Severe exercise-associated hypo-
natremia on the Kokoda Trail, Papua New Guinea. Wilderness 
Environ Med 2008; 19: 42-4.
91. Stuempfle KJ, Lehmann DR, Case HS, et al. Hyponatremia in a 
cold weather ultraendurance race. Alaska Med 2002; 44: 51-5.
92. Chorley J, Cianca J, Divine J. Risk factors for exercise-asso-
ciated hyponatremia in non-elite marathon runners. Clin J 
Sport Med 2007; 17: 471-7.
93. Knechtle B, Knechtle P, Rosemann T. No case of exercise-as-
sociated hyponatremia in male ultra-endurance mountain bi-
kers in the ‘Swiss Bike Masters’. Chin J Physiol 2011; 54: 379-84. 
94. Knechtle B, Knechtle P, Rosemann T. Do male 100-km ultra-
-marathoners overdrink? Int J Sports Physiol Perform 2011; 
6: 195-207.
95. Wagner S, Knechtle B, Knechtle P, et al. Higher prevalence 
of exercise-associated hyponatremia in female than in male 
open-water ultra-endurance swimmers: the ‘Marathon-Swim’ 
in Lake Zurich. Eur J Appl Physiol 2012; 112: 1095-1106.
96. Hoffman MD, Stuempfle KJ, Rogers IR, et al. Hyponatremia in 
the 2009 161-km Western States Endurance Run. Int J Sports 
Physiol Perform 2012; 7: 6-10. 
97. Cuthill JA, Ellis C, Inglis, A. Hazards of ultra-marathon 
running in the Scottish Highlands: exercise-associated hy-
ponatraemia. Emerg Med J 2009; 26: 906-7.
98. Schenk K, Gatterer H, Ferrari M, et al. Bike Transalp 2008: 
liquid intake and its effect on the body’s fluid homeostasis 
in the course of a multistage, cross-country, MTB marathon 
race in the central Alps. Clin J Sport Med 2010; 20: 47-52.
99. Dugas JP, Noakes TD. Hyponatraemic encephalopathy despite 
a modest rate of fluid intake during a 109 km cycle race. Br J 
Sports Med 2005; 39: 38.
100.  Rüst CA, Knechtle B, Knechtle P, Rosemann T. No case of 
exercise-associated hyponatraemia in top male ultra-endu-
rance cyclists: the ‘Swiss Cycling Marathon’. Eur J Appl Physiol 
2012; 112: 689-97. 
101.  Page AJ, Reid SA, Speedy DB, et al. Exercise-associated hypo-
natremia, renal function, and nonsteroidal anti-inflammatory 
drug use in an ultraendurance mountain run. Clin J Sport 
Med 2007; 17: 43-8.
102.  Knechtle B, Knechtle P, Rosemann T. No exercise-associated 
hyponatremia found in an observational field study of male 
ultra-marathoners participating in a 24-hour ultra-run. Phys 
Sportsmed 2010; 38: 94-100.
103.  Stuempfle KJ, Lehmann DR, Case HS, et al. Change in serum 
sodium concentration during a cold weather ultradistance 
race. Clin J Sport Med 2003; 13: 171-5.
104.  Speedy DB, Campbell R, Mulligan G, et al. Weight changes 
and serum sodium concentrations after an ultradistance 
multisport triathlon. Clin J Sport Med 1997; 7: 100-3.
105.  Wharam PC, Speedy DB, Noakes TD, et al. NSAID use incre-
ases the risk of developing hyponatremia during an Ironman 
triathlon. Med Sci Sports Exerc 2006; 38: 618-22.
106.  Speedy DB, Noakes TD, Rogers IR, et al. Hyponatremia in ul-
tradistance triathletes. Med Sci Sports Exerc 1999; 31: 809-15.
107.  Speedy DB, Faris JG, Hamlin M, et al. Hyponatremia and 
weight changes in an ultradistance triathlon. Clin J Sport 
Med 1997; 7: 180-4.
108.  Speedy DB, Noakes TD, Kimber NE, et al. Fluid balance 
during and after an ironman triathlon. Clin J Sport Med 
2001; 11: 44-50.
109.  Rüst CA, Knechtle B, Knechtle P, Rosemann T. Higher 
prevalence of exercise-associated hyponatremia in Triple Iron 
ultra-triathletes than reported for Ironman triathletes. Chin 
J Physiol 2012; 55: 147-55.
110.  Knechtle B, Gnädinger M, Knechtle P, et al. Prevalence of 
exercise-associated hyponatremia in male ultraendurance 
athletes. Clin J Sport Med 2011; 21: 226-32.
111.  Hsieh M, Roth R, Davis DL, et al. Hyponatremia in runners 
requiring on-site medical treatment at a single marathon. Med 
Sci Sports Exerc 2002; 34: 185-9.
112.  Kipps C, Sharma, S, Pedoe DT. The incidence of exercise-
-associated hyponatraemia in the London marathon. Br J 
Sports Med 2011; 45: 14-19. 
113.  Mettler S, Rusch C, Frey WO, et al. Hyponatremia among 
runners in the Zurich Marathon. Clin J Sport Med 2008; 18: 
344-9.
114.  Knechtle B, Knechtle P, Rosemann T. Low prevalence of 
exercise-associated hyponatremia in male 100 km ultra-
-marathon runners in Switzerland. Eur J Appl Physiol 2011; 
111: 1007-16. 
115.  Hew-Butler T, Dugas JP, Noakes TD, Verbalis JG. Changes in 
plasma arginine vasopressin concentrations in cyclists partici-
pating in a 109-km cycle race. Br J Sports Med 2010; 44: 594-7. 
116.  Eden BD, Abernethy PJ. Nutritional intake during an ul-
traendurance running race. Int J Sport Nutr 1994; 4: 166-74.
117.  Bescós R, Rodríguez FA, Iglesias X, et al. Nutritional behavior 
of cyclists during a 24-hour team relay race: a field study 
report. J Int Soc Sports Nutr 2012; 9: 3.
118.  García-Rovés PM, Terrados N, Fernández SF, Patterson AM. 
Macronutrients intake of top level cyclists during continuous 
competition-change in the feeding pattern. Int J Sports Med 
1998; 19: 61-7.
119.  Fallon KE, Broad E, Thompson MW, Reull PA. Nutritional 
and fluid intake in a 100-km ultramarathon. Int J Sport Nutr 
1998; 8: 24-35.
120.  Knechtle B, Müller G. Ernährung bei einem Extremausdau-
erwettkampf. Deut Z Sportmed 2002; 53: 54-7.
121.  Knechtle B, Pitre J, Chandler C. Food habits and use of sup-
plements in extreme endurance cyclists – the Race Across 
America (RAAM) 2006. Schweiz Z Sportmed 2007; 55: 102-6.
122.  Knechtle B, Knechtle P, Kaul R. Nutritional practices of 
extreme endurance swimmers – the Marathon swim in the 
lake of Zurich 2006. Pak J Nutr 2007; 6: 188-93.
123.  Knechtle B, Schulze I. Nutritional behaviours in ultra-en-
durance runners - Deutschlandlauf 2006. Praxis (Bern 1994) 
2008; 97: 243-51.
124.  Enqvist JK, Mattsson CM, Johansson PH, et al. Energy 
turnover during 24 hours and 6 days of adventure racing. J 
Sports Sci 2010; 28: 947-55.
125.  Knechtle B, Knechtle P, Schulze I, Kohler G. Vitamins, 
minerals and race performance in ultra-endurance runners-
Deutschlandlauf 2006. Asia Pac J Clin Nutr 2008; 17: 194-8.
126.  Frohnauer A, Schwanke M, Kulow W, Kohler G, Knechtle, 
B.et al. Vitamins, minerals and race performance in ultra-
-endurance triathletes – Triple Iron Triathlon Lensahn 2006. 
Pak J Nutr 2008; 7: 283-6.
127.  Haymes EM. Vitamin and mineral supplementation to ath-
letes. Int J Sport Nutr 1991; 1: 146-69.
210
Knechtle B. / Medicina Sportiva 17 (4): 200-210, 2013
Authors’ contribution
A – Study Design
B – Data Collection
C – Statistical Analysis
D – Data Interpretation
E – Manuscript Preparation
F – Literature Search
G – Funds Collection
128.  Knez WL, Peake JM. The prevalence of vitamin supplemen-
tation in ultraendurance triathletes. Int J Sport Nutr Exerc 
Metab 2010; 20: 507-14.
129.  Robins AL, Davies DM, Jones GE. The effect of nutritional 
manipulation on ultra-endurance performance: a case study. 
Res Sports Med 2005; 13: 199-215.
130.  Knechtle B, Knechtle P, Mrazek C, et al. No effect of short-
-term amino acid supplementation on variables related to ske-
letal muscle damage in 100 km ultra-runners – a randomized 
controlled trial. J Int Soc Sports Nutr 2011; 8: 6.
131.  Burke LM, Read RS. Dietary supplements in sport. Sports 
Med 1993; 15: 43-65. 
132.  Nolte H, Noakes TD, Van Vuuren B. Ad libitum fluid repla-
cement in military personnel during a 4-h route march. Med 
Sci Sports Exerc 2010; 42: 1675-80.
133.  Nolte HW, Noakes TD, van Vuuren B. Protection of total 
body water content and absence of hyperthermia despite 2% 
body mass loss (‘voluntary dehydration’) in soldiers drinking 
ad libitum during prolonged exercise in cool environmental 
conditions. Br J Sports Med 2011; 45: 1106-12. 
134.  Nolte HW, Noakes TD, Van Vuuren B. Trained humans can 
exercise safely in extreme dry heat when drinking water ad 
libitum. J Sports Sci 2011; 29: 1233-41. 
135.  Tam N, Nolte HW, Noakes TD. Changes in total body water 
content during running races of 21.1 km and 56 km in ath-
letes drinking ad libitum. Clin J Sport Med 2011; 21: 218-25.
136.  Hew-Butler TD, Sharwood K, Collins M, et al. Sodium 
supplementation is not required to maintain serum sodium 
concentrations during an Ironman triathlon. Br J Sports Med 
2006; 40: 255-9.
137.  Speedy DB, Thompson JM, Rodgers I, et al. Oral salt sup-
plementation during ultradistance exercise. Clin J Sport Med 
2002; 12: 279-84. 
Accepted: November 28, 2013
Published: December 20, 2013
Address for correspondence:
PD Dr. med. Beat Knechtle
Facharzt FMH für Allgemeinmedizin
Gesundheitszentrum St. Gallen
Vadianstrasse 26
9001 St. Gallen
Switzerland
Telephone: +41 (0) 71 226 82 82
Fax: +41 (0) 71 226 82 72
Email: beat.knechtle@hispeed.ch
